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Sincu ilu- publication of my papers (»n ihc sporinaloi^cncsis of 
the j^aiiiKM 4infl iA iltc cliickcn rcs|K‘cli\eh* (CaiNcr ’opa, 096) 
in wliidi \sas recorded tin* findinj^ of .1 chromosonuMir cliromosonic 
complex comparal>li‘ to the “odd,” “access*)r\ “ or “X-elemeiU,” 
desc'ribed so fre(jUeiill\ of late .is oiaairrin^^ in a wide range of 
tin: ArllirojxKla, pariicnlarU llie d'raclieaia. I liave examined 
material from other \«Ttebrates and can at present record its 
presrnce in tin* rat, its probable iKCurreiu'e in the pigeon 
(although this will ri‘quirc sonu* liirlher corroboration), and its 
conspicuous occurrence in man. Inasmuch .is the material 
for its Studs in the r.it is in the h.inds of .1 stud< nt for further 
in\estig.nion, I .sh.ill confiiii* m\self in this paper to a descrip¬ 
tion of the tw*) .ic('essnr\ ('hronn>somes .is Pnmd in m.in, together 
with otluT fe.iturt‘s of hum.in sjKTm.itogenesis. 

I'or m\ studies on m.in I have Ikaui forttmate in being able 
to obt.iin e\cepti*>nall\ go<i<l m.iteri.il through the courtesy of 
m\* colleague, l)r. Raul. (i \\*oolle>-. d'he subject from which 
the lesticni.ir m.iterial w.is scc uretl w.is a negro Lhirt>’ years of 
.ige wh*) h.ul died siidilenly from the rujHure(jf an aortic aneurism 
(Ca>e no. I5()i43, Pathological Records, the Cincinnati City 
Hospital). A testis w.is remo\ed within between an hour and 
.in hour and .1 h.ilf after death while the body was still warm 
and slices were jdaced immediateh into Gilson’s and into 
Houin’s Iluids. 

d'he mounted sections were from five to tweUe microns thick. 
Most of them were stained in I leidenhain’s iron-haimatoxylin 
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and counler-stained with Congo red or acid fuchsia, although 
Delaficld’s haMnatoxylin was used with some. 

An abundance of cell divisions were found to have been in 
progress at the time of death. In a given field of the microscope, 
in a favorable region, it was not unusual to observe as high as 
six or seven cells in various phases of division. As many as five 
or six of such areas might exist in a single seciion, although it 
was more usual to find only one or two. The material was very 
une\’en in that slides would be found in which seciion after sec¬ 
tion showed division stages, while in others divisions were scarce. 
These facts indicate that there were proliferating and resting 
zones in the testis. The stages found in most abundance were 
the metaphases and late prophases of the primary spermatocytes. 
It was a comparatively simple matter to find spindles on which 
the ordinary chromosomes were in metaphase with the two 
accessories, closely associated, well removed toward, or at, one 
pole (Figs. 6, 7, 8 and 9). 

In the literature of the subject much confusion prevails re¬ 
garding the number of chromosomes characteristic of man. 
There is wide disagreement in the counts of different observers 
and there seems to have been a great dearth of material showing 
division stages. Most of the enumerations are based on obser¬ 
vations of from two to eighteen cells and these often in (ques¬ 
tionable stages of preservation. The great difficulty apparently 
has been to secure material which was sufficiently fresh or which 
was not diseased tissue that is notoriously irregular as regards 
karyokinetic phenomena. 

As early as 1881 Flemming discussed mitosis in the case of 
man illustrating it with some six figures (Taf. 3, Figs. 11-16) 
of which Fig. 16 is from leucocytes of leucemic blood, the others, 
from the corneal epithelium of two different subjects from each 
of whom an eye had been removed because of affection of the 
bulbus. Although at this time he made no definite record of 
the number of chromosomes, his drawings show them to be 
considerably in excess of sixteen, the number later announced 
by Bardeleben (’92). 

Writing seA’eral years later, however, in response to the 1892 
paper c>f Bardeleben, Flemming (’97), from a ree-xamination ol 
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his old malcrial, e:ives the numl)er of chromosomes as twenty- 
four. He cites the papers of Haiisemann ( 91, '93) as the earliest 
attL*mpt‘> known to him to make a count of the chromosomes of 
man. Hut since I lanscmann records eighteen in one case, twenty- 
four in aiunhor, and forty in a third, the latter apparently 
estimated from the spireme stage, and inasmuch as he himself 
admits th<it his count \\\is \er\ uncertain, concluding with the 
statement tlnit, “die Zahl tidier luiher aU 24 sei,” we ma\* fairly 
disreg.ir<I it, 1 think, in the light (»f modern lechni(|ue. In this 
second paper I*lemming *07' si.iti-s ilial ln> count Is based on 
onl\ four cell-di\i*'ions in which the i hromosomes had just 
split prt-par»it<>r> U) '•(‘paration. His c\a('t statement of his 
obsi*r\ations is as follow“his gelang das /war l)ei keinen ganz 
sicher, alx r bei /wiii n tier \ ier darin eiUhalttMien Mitosen docli 
annahernd; es scheiiieii in b‘iden I'iilhm 24 I )<»ppelchromos()men 
/u se in. Hei b^-idi n -«ind es je-di-nfalls mehr cds 22 und, w ie ich 
sagim /II koiiium glaube, weniger aU g.s; an einiger Stellen decken 
sic si( h M), <l.is/ iine e\ae le /ahliing mir imm()glich w ire!.” 
I'lemining s materied h.ul be'en ti\( d in one* sixth per exMit. chromic 
acid .ind stainid with safranin. 

Hardeleln n has published three papers (^’(j2, 07. ‘()S) on 

llu‘ spermatog( lit-«is uf mammals im hiding m.m in whii'h he 
comes to the com lu^ion that the* number of ( liromosonus in 
the- sp« rmatogonia tind s|K rmato( \ tc'^ (►( imni are sixteen and 
eight res|H‘( ii\el\ . and in hi-- later papers he sets tlown four 
as tlu‘ number that uhiimiteK re.u he-s the speTimilids. I'hat is, 
there is in siK't t ‘-‘>i\e divisions a reduction in numbers from six¬ 
teen to eight ami then from eight to four, d'his is much the 
e'ondition that I have fouinl prevailing in liirds ( aiver, ’02, 09). 

W ilcox (‘00) siiidied ''1‘ctions from a testis vvhii'h had been re- 
mov e*d from a man fiftv -lour v ears old. in *in operation for hernia. 
Altliough scrotal swelling IkkI exisieil lor a year previous to the 
ojieriilion the le-'-tis seeme*el to be normal in si/e and aj^pearance. 
He reports th.ii, “In my material the number seemed to be 
eighteen, the different counts resulting in figures ranging from 
fifteen to ninetevn.” He remarks however upon the striking 
absence of karvokinetic stages, so that his observations were 
based upon a verv* limited number ot divisions. Because of 
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this lack of favorable stages he says: “The whole organ was, 
therefore, sectioned and in the great number of sections thus ob¬ 
tained, not more than twenty cells were found in mitotic con¬ 
dition.” 

Wilcox continues: “The few cases of mitosis obser^’ed were 
in spermatocytes of the first order. One could easily distinguish 
s])ermatogonia, spermatocytes of the first and second order, 
spermatids, and numerous nearly mature spermatozoa. The 
number of the latter to be seen was very large and precludes the 
assumption that the testis was functionally impaired by age or 
by hernia. In the opinion of the writer, this condition merely 
indicates that all the various processes in the spermatogenetic 
series are not necessarily to be observed as taking place at the 
same time. I can see no reason why there might not become 
established in the testis periods of cellular activity alternating 
with periods of cellular rest.” 

Unfortunately Wilcox gives no drawings with his paper nor 
does he state definitely whether he regards the eighteen chro¬ 
mosomes seen in the spermatocytes of the first order as the 
reduced number or not. lie does remark, however, that, “in 
man)' cases they were plainly arranged in the tetrad or ring for¬ 
mation which has been obser\’ed in a pretty general variety of 
investigated species,” consequently the inference would be that 
a synapsis had occurred and that one might expect to find in 
the neighborhood of thirty-six as the somatic number. 

The latest investigation on the number of chromosomes in 
man with which I am acciiiainted is that of Duesberg (’o6). 
lie reviews the work of Hansemann, von Bardeleben, and Flem¬ 
ming and on the strength of his own oliserwations concludes 
that Flemming’s count of twent)’-foiir is correct. The exccssi\’e 
number found b)’ Hansemann he would account for on the basis 
of the abnormal iiK'rease in the number of chromosomes which 
is likel)' to occur in pathological tissues, lii the case of Bar¬ 
deleben he is inclined to lielie\'e that very thin sections (three 
microns) are resjionsible for the smallness of the count since he 
regards it as probable that part of the cell had been cut away. 

The tissue upon which Duesberg worked had been fixed in 
Flemming’s or in Hermann’s tluid and stained b\' the iron-hre- 
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matoxylin mclhocl. However, the number, twenty-four, which 
he recorrH for man was not clelermined by direct count but was 
inferred from the* fact that he found two or three clear cases of 
twelve chromosome^ in the |)rimary ^pcrmatoc\'tes. bhat his 
findinct twelve in the primary spcrmatoc\tes was correct is 
borne out by my obser\aiions l)ut he is not justified, in coiise- 
(|uence. in statinct that there musi be twent>-four in sperma- 
to.eonlal (jr >omatic cell-(li\'isions. M\ material shows that 
two of the twehe chnmio.-omes are the unixalent accessories, 
and a clear count of taNorable ^permaloij[onial chromosomes 
re\'eals only t\\eni\-t\so. 'rhi‘> meaii-^ in all probabilit\’ that 
of the i\\el\e ehromc)-.(uncN ot the primar\‘ sp(rmatc»c\te, ten 
are bi\alent .iiid two ai ce'-.^orie*-. Allhcniv;h 1 )ikexamined 
the Npe rmalo^onial chromo'.onu s he si.urvs iIkU he was unable 
to count them exac ll\ biwond detirminine: that, conlrar>* to 
the opinion ol \'on Ibirdelebcm, thcTe were cK-arly more than bix- 
teen. 1 le st.ites 1 urt Ih’I' ‘ p. .177 ' that. ' ‘ Jc* n .li p.i'^ pu les n Jinpter 
exactenunt, tant A cMU^e de la pc*titcN«.t‘ dc^ cellules (pie du 
nennbre .iss<.*/ elr\c'* des i hrom(»''omc*'', mais dans (|uel(jueb cas 
la\or,ibles nu leiir nuiuc'ration a pu etre enirepri''e, j’ai obtenu 
des result.its tn'^s \oisins de 24. jamais sUjkTicmrs a le nombre 
daiib les cellules imrmalc's.*’ Ancl in com lu'^ion hesa\s; “11 re- 
siilte ck* la cjiu* le noinbre* cles chrom<»'-« nm-s rst et rtainenient a mon 
a\is. lie \2 clans les spi-rm.itocN les ri par con«'c''(|uent de 24 dans 
les spermatoeonies et les iillules siMii.iticjui‘s. ( ’est la conlir- 
mation ck- I ccpinion de Mc-mmiiu.” 

In the i,c-neral s( hc-me of the spi rmato;..;enesis of man there aj)- 
pears to be nothing unic|ue. One c-an ri-adil\ recoeni/e the usual 
lour i^em iMiions of ]L;erm c*i-lls; \ i/., spcrmato;4C)nia, primvir\' sper- 
matocw tc.‘s (or s|)i-rniatoc> tes of tjie first onk-r), sec’ondary sper¬ 
matocytes (or s{K-rmatoc \ tes of the '^ecoml order), ancl lastly 
spi-rmatids w hich transform direct!}' into the spermatozoa. An 
abundance c»f easih identified Si-rtoli or nur>-e cells are in e\'i- 
dence. Occasional ceiilrosomes were obscr\ ed in suitably stained 
|)ri*paraiions but I ha\'e not pictured an\' in m\’ drawim^s be¬ 
cause tlu-preparations from which the latter were made were all 
so strcjiigl} decolorized tluit the stain had e\'identl}' complete!}' 
disajipeared from .iiu ceiitrosomes which mii^ht have been present. 
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The matter of countinci: tlie spermatogonial chromosomes, it 
must be admitted, is one of [>reat difficulty. In the late prophase 
or equatorial plate stage, the only time at which a count is possible, 
the>' lie for the most part in an irregular band around a central 
clearer area. In the vast majority of cases onl}' a deeply stained 
mass of small contiguous or overlapping chromosomes is \'isible 
in this band and an accurate count is out of the c[iiestion although 
one can frecjnently determine that there are o\’cr twenty. In se\’- 
eral instances, howe\’er, in which the positions of the chromo¬ 
somes and the degree of the staining were favorable, twenty-two 
distinct chromosomes, ne\XT more, were visildc. 

♦ 

There is considerable range in size among the individual chro¬ 
mosomes of the spermatogonia as well as ol)scr\^able differences of 
form. Most of them were rod-like or oval in shape although some 
were more nearly spherical. In several though by no means all 
instances two chromosomes, closely associated, were seen K ing 
at some distance away from the main band, out in the cytoplasm. 
Taking into account this isolation, the rounded shape of these 
chromosomes and their relative sizes, it seems very probable that 
they are tlie two accessory chromosomes which do not manifest 
their presence for a certainty until the next division. It will be 
observed that one is somewhat smaller than the other. This con¬ 
dition obtains also between the two chromatin nucleoli of subse¬ 
quent stages as well as between the accessory chromosomes where- 
ever they can be identified, and one is led in consequence to 
strongly suspect that they are all one and the same thing. This 
inference is all the more justifiable when the relation between the 
chromatin nucleoli and the accessory chromosomes in some of the 
lower forms is recalled. 

Fig. 2 represents a nucleus of the primary spermatoc\'le in the 
sidreme stage which shows the two chromatin nucleoli in question. 
In deeply stained specimens these nucleoli, especially the smaller 
one,are notalways evidentbut in preparations stained by the iron- 
luematox^iin method and then almost entirely decolorized, even 
as regards the ordinary chromatin of the spireme they are usually 
conspicuously visible. It should be mentioned tliat occasionally 
other small nucler)lus-like granules were observable but since there 
was no constancy in their presence, size or relationship, I ha\'e 
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fell jiwlificd in i^^nt^rinc: them in ihe present discussion. Ficr. 3 
reprc'-enls the spireme in the contraction phase \\'hich is nor ver\' 
proncninced in man. It will l)e olKervred that the two character¬ 
istic chromatin niK'ieoli still persist. 

d he primarN sjx-rmatocyte'* when ready for di\'ision, as has 
alrr;id\ been stated. re\eal Iweiw chromosomes in late prophase 
or eari\' mettipha^e ( Fi^^-. 4. 3 • In I'i^. 4 the two accessories are 
seen at a glance and the rcmainini: ehroinoM)mes. judi^in^ from 
their increa^cil ^i/e and ihanded lonn, are l)ivalent, represenl- 
inv; the j)aired imixtdtnt ( hn»m<*-nmc^ of the s|K‘rmato:4oniiim. 
'I'h.it in, of the original t\senl\-i\\o (‘hr«)moM)me^ t\\ent\' have 
piiired to form the ten l)i\.ileiii-v <»! the prinnir) spermatot'\ te and 
two ha\e r« m.iine<l imj»airid a'^ the acii-'-or\' chromo'^onu^s. In 
l ie- 1 it is not ( \ ideiit iu->i s\ hit h two are the acce''s(udes althouc:h 
l\sel\e i hr«nnosome^ ari- pre-t nt. 

It is ()b\ ioiis lr(nn the the tieiiK s Fi^s. 4 <>) that thereiscon- 
sid( r.dtie dillt IeiK e in the «•! the \ arioiw t'hromosomes of the 
primar\ sjK rmalot \ te. Althoiieh th(‘ attempt wa^ made it was 
not found pte-sjble tt) alw.i\ ^ itlt niil\ the indi\ idiial chromosomes. 
riu*\ ^ra(U*<lo\\n in si/r tn»in '^tMiie three tir lour larj^e (Jiies to two 
or three small ones but th(‘ lliu tiiatitni'^ in -»i/e. probabU due h)r the 
most part to dilterence^ in the ellet t>. iKation lo^tuluT with 
dilk'rent deeret ^ t »i extract ion < >1 t he "t.iin. wen* to* > ^Teat to rendc‘r 
idetuitic .ition ''Ure. In \ i r\ ^troiislv <!<•('(»lori/ed sections, es- 
pecialU when ('ounter'^tained w it h C’01140 red, one hir^e chronicj- 
some in p.irticular lre<|Uenil\ exhibited a t(*trad-Iike lornitUion, 
while tin* ollu‘r lar^e tuies .u times -allowed more or les-. delmite 
indications of lobin^. In sonu* ca^-es lhi'^ was suHicientU nutrked 
to interfere w ith ac'c'iirate (Muintin^. In a wry few inst.inces, so 
few I think as to be practieall) ne^li^ible, there ajipeared to be 
fourteen instead of the customar\' twelve chromosomes, but the 
extra chromosomes alw a\ s look the form of a tin\’ pair w Inch I am 
inclined to think had become split off from one (jf the ordinary 
tetrads or which had through some chance newr entered inttj the 
proper tetrad formation. They were always united In* linin-like 
Strands to one or two of the larger chromosomes. 

I'igs. 6, 7, 8 and 9 show* the two accessories in characteristic 
positions. Side by side, they alwa\ s pass entire, consirlerably in 
ad\ <ince of the di\'ided ordinary chromosomes, tow*ard one pole. 
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Of the ordinary daughter chromosomes of this first spermato- 
cytic division, a pair of small elongated ones not infrequently 
are the first to emerge from the general equatorial mass as shown 
in Fig. 7. One is led to suspect that they may possibly be compar¬ 
able to the small pair of chromosomes found so constantly in cer¬ 
tain of the Tracheata although the evidence is not sufficiently 
decisive to make this an established fact. 

It is inferred that the division of the primary spermatocyte 
is the reducing division, not simply because such a division ordi¬ 
narily occurs at this stage, but from the fact that the chromo¬ 
somes after divergence (Figs. 10,11) when compared with corre¬ 
sponding divisions of the secondary spermatocytes are seen to 
resume more the elongate, rod-like appearance that characterizes 
the univalent spermatogonial chromosomes, and also because 
the accessory chromosomes pass over entire to one pole here 
while they are halved in the next di\ ision. 

It is evident from the foregoing that as regards chromatin con¬ 
tent the result of the division of the primary spermatocyte is the 
production of two dissimilar cells, one of which receives ten, the 
other, twelve chromosomes. Fig. 10 is a drawing of one end of a 
late anaphase of such a division showing twelve chromosomes (10 
plus 2 accessory). Fig. ii, in which only ten chromosomes are 
visible, was drawn from what is probably the reverse end of a some¬ 
what later anaphase than that shown in Fig. 10. It is just pos¬ 
sible that it is a prophase of division in a secondary spermatocyte 
where uni\'a1ent chromosomes come to the eciuator, but if so it is 
the exception rather than the rule, as the secondary spermatocytes 
ordinarily divide according to a different scheme. In any event 
the drawing serves to illustrate the fact that some daughter cells 
of the primary spermatocytes ha\'e twelve chromosomes and some 
only ten. 

In {places both primar^^and secondary spermatocytes were found 
di\ading in the same field and one is led to conclude that either 
there was no intervening period of rest between the two divisions 
or that it was a \’ery brief one. In other instances, however, un- 
doubtefl resting stages of secondary spermatocyte nuclei were seen 
in abundance. Ap])roximatel\ half of them showed, under 
pro|)er decolorization, two chromatin nucleoli of which one 
was somewhat smaller than the other. 


ACCI-:>SORV CHROMOSOMES IN MAN. 


\\ hilc al ihe conclusion of the divisions of the primary sper- 
mtitocyles ten and twelvechromosomes respectively were delivered 
to the pairs of daughter cells, ne\*erthcless, wlien the latter as 
secondary six;rmatoc> te‘. become ready for division, half of them 
show five and the remainder seven chromosomes. A second jxiir- 
ing of the ordinary chromosomes has evidently occurred, so that 
there are five biwdenl ('hromos(jnu‘s in each t>'pe of cell and the 
additional two aci'essorie^ in the one t> pe. I'ig. 12 is a drawing 
of two contiguous s(‘omdar\ >i)ermalocyies; the one shows five 
lii\alent ( hromosoines in late proi)has<.*, the other more than live 
chromosomes in ineiaphase. d hc-'C two cc'lls are undouhtedU’ 
the two flaiighter cells of the same ])rim.ir\ spermatocx te. 1 ig. 
13 shows OIK* daughter ('ell containing a group c^f seN’en chromo¬ 
somes and the othera latt* .inaphas<* of di\ ision w Inch showsat one 
end f \\e chroinosc»nu‘s. I'hc number of I'hnHnosomes at the oppo¬ 
site pole of tin* si*eotid cell should oi course be fi\c although b(,‘- 
cause of the deiisf massing i( lould not be positivi*l\' delermiiu*tl. 
I'ig. 14 rejireseiils a lalt* .iiiaph.ise of di\ ision in a sc*<'ondary sper- 
matoc\ te w hi( h inanifestK had had se\ cn i hn »mos( nnes in nieta- 

phas«-. 

Both ac((*ssor\' (liroinosonus di\idc in this sec<jnd spermato- 
c\tic division p(*riod so that c-ach resulting si)ermatid receives 
seven chnanosouies (l*‘ig. H»). I'ig. I.S rcprc'stMits an .inaphase 
ol <li\ ision in a sfcond.iry sprrmatocw le showing still .it the e(iua- 
lor of the spindle a lagging chromatii' mass. SiK'h a ('ondition 
was found in srwral instances and while 1 b(*liev(‘ it to be the* two 
ticcessorv chromosonu‘s w hich happened merelv* to be unfavorably 
plai'cd for ob-*erv.ition, I ('(Hild not positively ideiitifv- it as such. 
I'rom the rel.itiva* jio'-itioiis of the chromos<nnes as seen in I'ig. lO 
one would infer that the two sets of act'essories were the last to 
li.ive passed from the ecjihitor to the poles of the spindle. More¬ 
over. such a lagging of the accessory in this division was ob¬ 
served in both the giuiu‘a .ind the chicken (Caiver, ’00). 

It sh(»uld be mentioned that occasional division stages were 
V isibli* which, judging from the smallness of the cell and the si/e 
and shapi* of the clironu>somes, looked as if thev* might be secon- 
darv* spermatoev tes prep.iring to divide with the univalent type 
(ten or twelve) of chrom('>somc. It is possible, for instance, that 
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Fig. 11 represents a prophase of the secondary rather than an ana¬ 
phase of the primary division although I am inclined to think it is 
the latter. If such sirnjde divisions do lake place, however, they 
are certainly scarce in the material which 1 have examined so far. 

From the foregoing evidence it is manifest that there are in all 
two distinct groups of spermatids equal in number; namely, 
those which have received five and those which have received 
seven chromosomes, ddiese chromosomes soon lose their visible 
identity and the spermatids are apparently all alike except for the 
significant fact that approximately half of them, in such prepara¬ 
tions as have been stained by the iron-hmmatox> lin method and 
then all but entirely decolorized show two chromatin nucleoli. 
It would vseem probable that these nucleoli stand in direct genetic 
continuity with the two eccentric chromosomes seen in the sper¬ 
matogonia and the two chromatin nucleoli and the accessory 
chromosomes of the spermatocytes. Fig. i8 represents two con¬ 
tiguous spermatids, one of which shows no nucleoli, the other, two. 
Comparison with Fig. 19 shows the relative conditions of^size be¬ 
tween the nucleoli of the spermatid and those of a primary sper¬ 
matocyte. 

As to the meaning of the second conjugation there seems to be 
at present no clew. 1 have commented on it briefly in a former 
paper (’09a, p. 509). It is not peculiar to man for I ha\'e observed 
it also in the pigeon (’02, ’03), the guinea (’09a) and the rooster 
(’09^). Undoubted!}' Bardclebcn (’97, ’98) still earlier saw the 
same phenomenon in man, for although my results do not agree 
numericalh with his count of sixteen, eight and four respectively, 
e\’identh', from the relative proportions in his counts, he had come 
upon this second curious numerical reduction. 

Assuming that the respective chromosomes are more or less 
ciualitatively differeniiatcd, such a numerical reduction, however, 
by no means necessarily implies that there has also been a second 
qualilaiive reduction. Aside from the improl)ability of such a 
reduction, llie general appearance of the divided chromosomes 
would not warrant this interjoretation; for instead of the elongated 
uni\'alent type as seen in the spermatogonia or in ana|fliases of the 
diA isions of sj)ermatocytes of the first order, the daughter chromo¬ 
somes here retain the rounded appearance and increased size that 
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is charartcri>tic of llie hivalunt ly]x*> (compare Fi^s. i. loaiul 11, 
13, 14, 15, 16 and 17). Tlui^ while lialf of the spernialids rc‘cei\‘e 
fn e, and half >e\ en chromosome-', in ierm> of imivalence the niim- 
her^ wrnild in ail pnjhahiliu' he ten and twelve re>iK‘Clivel\'. 

Ina'-mnch as the sjK*rmaiids transform direclK into spormaio- 
zoA it folhjw.s thiit there nuisi he he two classes of the latter dilTer- 
inu with resjK('i to whellnr lhe\ ha\e or do not haw the two ac¬ 
cessory chromosome-. riiiis ilu* (ondiiioiis in man apjvar to he 
\ er\ mu( h the s.iine that Wilson ‘00 de>crihe> for Syro/fias/cs, 
oiUMjfihi s«|nash-hn4 famih t'oriMda* . 

Numerous i\.impli*s ot su< h dimorphism of the six rmato/oa 
ha\e he« n re( orded in Nari»»Us in\eriehrale-, parti('ultirl\ in in¬ 
sects, ariihnids and nuriapods, and it has heeii clearh <lemon- 
slrated that ee^s |i riili/ed h\ -perniato/oa uhi(di j>os.sess this ac- 
ce--or\ chromosome or ( hnnn‘»-<niu ‘..,ioup tlu re m.i\ he oin*, t\\o, 
lhr4 c or c\ (‘11 lotn separate ( hidinati« hodii dejK-ndin^ upon the 
Species) diNclop into leniahthose |eriili/ed hy sp(‘rmalo/oa 
width do not p( jss( ss it. de\ elnp int«» m.iles. | haue llu‘ accessor) 
has coine to he regarded h\ some ol our most (\irt‘fiil and (‘Xjh'- 
rientcd workers as an at tual sc \ delermin.tnt. Inaii) e\t‘nt it is 
oh\ ioiisl) associated with tin* dc lerminaticni ol se\ t‘ither as Ctiuse 
or ellect. In the lijnht ol mmic roils recent researches hoth on 
plants and animals the idea h.is nipidh gained ground that .sex 
arisi's not as was Icme helic \tcl. as a response* ol the* de\elt>pine^ 
organism to stimuli lr«»m without hut that tinder normal contli- 
lion^ tit le.isi, it is atiiom.ilit till) determined h)' .some internal 
ph) >iolo^i(Ml met hanisin. 

Intisinikh tis tld> intritMte mtittc.r li.is heen repeatetlK and ex- 
h.!U>li\tl) di.scusscd pro and ton duriniLi: the pa>t ten )t‘tiri>. it is 
imnetessar) for mt‘ to enter into a reN it‘W ol the .suhjecl anew. 
I 'or llu‘ uentr.il re.ider who iiKi) not hti\e kept in lotith with the 
current liier.it urt‘ of the suhjet'l. two excellent cri tit pies are now 
a\ailahle in the rect ni pttpers of W’iUon (“()<)(/) and Morrjan (’10). 
In these pa|H‘r.s one will .iFo hnd ihoroui^h^oinuj disctis>ions of the 
siihllt* problem as to whether, assuming lhal the .iccessories are 
sex determinants, the matter t)f sex determination is to he regarded 
as a cpialitatiN e process t‘lTecled h) some inherent peculiarity of the 
accessory chromtJsome, or whether the relation of such a chro- 
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mosonie or group of chromosomes to sex is merely a quanti¬ 
tative one, the female type resulting when a greater amount of 
active chromatin is present. Extensive bibliographies will be 
found in the recent papers of Wilson (’05, ’06, ’09), Payne (’09), 
Morse (’09) and Morgan (’10). 

In conclusion I wish merely to point out that as regards ac¬ 
cessory chromosomes, conditions prevail among vertebrates 
(guinea, chicken, rat, man, etc.) similar to those found among 
numerous Tracheata (and probably certain other invertebrates) 
where the accessories are undoubtedly associated in some way 
with the phenomena of sexuality. In Syromastes (Wilson, ’09&), 
which seems to parallel most nearly the condition found in man, 
half of the spermatids were found to possess two more chro¬ 
mosomes than the remainder. It was predicted by Wilson 
that in consequence the somatic cells of the female of this species 
would show two more chromosomes than the somatic cells of 
the male. Later the facts were found to be in exact accord 
with his prediction, the somatic cells of the female containing 
twenty-four, of the male twenty-two chromosomes. Similar 
verifications have been made in other tracheate forms. 

In the light of these facts we should expect the somatic cells 
of man to contain twenty-two, and of woman, twenty-four 
chromosomes. The tissues of the female have not yet been 
studied with this in mind. Flemming (’97) records the somatic 
number of chromosomes, determined from corneal cells, as twenty- 
four but unfortunately he docs not record the sex of the sub¬ 
jects from which the material was obtained. If it were a female 
his count would bear out the interpretation given above. 

Summary. 

1. 'Fwenty-two chromosomes differing considerably in size 
occur in all spermatogonia in which a definite count could be 
made. In a few instances two, apparently the two accessory 
chrouKjsomes, were seen considerably to one side of the main 
mass (jf chromosomes, surrounded by a small clear court of 
cytoplasm. 

2. Twelve chromosomes appear for di\’ision in the primary 
spermatocyte, of which ten are evidently Invalent and two 


accessories. 
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3. The two accessory chronio^onies i>ass undi\ided to one 
pole of the spindle considerably in advance of the other chro¬ 
mosomes. with the result that half of the daughter cells in this 
di\’ision receive twelve, and halt, only ten univalent chromosomes. 
'Phis i> e\'identl\' the reduction (li\'isi(jn. 

4. d'he ten univalent chroinn'^ome'. which passed to the one 

secondary spermaioc\te unite again in pairs, at least in the ma¬ 
jority of cases, to form Um' bivalent chromosomes which appear 
at the erjualor of the spindle when the cell i^ read\’ lor division, 
d'he di\isi(jn here is prelum ibl\’ an e]U.ition and not a second 
reduction di\i^ion. judging from the >hape and general 

apiH-anince of the re'-ulling daiuhter chromosomes, 'riuis 
while each «*f the sjH-rmatids form* d a^ a result of this di\'ision 
recei\e only ti\<* ( homosomrs. the latter are bi\alent and ecjuix - 
aleiit to ten of the soiti.iiic or sjHrmat<»g(»nial chromosomes. 
'There is some slight exideiKe that the M-('ondar\ sprrmato('\ tes 
iiEiN occasionalU di\ide with the'-** rhromo-'omcs in their original 
condition of uniNaleiue. 

5. Ten (►f the tw<‘l\e chnmufs*mu-s which passed to the other 
pole of the spindh* in the |>rimvir\* sjK-rmato('\te lu‘ha\‘e in pn*- 
cis(‘l\ the s.iiue wa\ as describe*! in the last paragraph. The 
two acc(*ssor\' chnnno-'onte> c*nne to the eipialor *»f the spindle 
in the secondarx sjH rm.itocx te with the* lixe* bixaleiits thus 
making in till "extn. lxa< h acci-s'torx n*>w *lixides so tluit the 
ri'sulling sperm.iti*!s **a( h n‘(* ixe ''*‘xen <'hr*)mosomes; that 
is, lixt* bixtilent plus two ticcessorx , * •r llu* etjuix.dent *>f txxelxe 
Unix tileiit ( hr*miosonu s. 

(). In retilitx, then. *)f the tot.il itiintber <»1 spcTinatids, luilf 
haxe in .ill probtibilitx receixe-d ten. and h.ilf, twelxc* (to phis 2) 
imixtilent chrontosomes. ln,i''much .is the spi rnititids trtinsforni 
directly into spc rmato/Oti, there* must be txxo class(‘> ol the latter 
dilTcring xxilh resjK'ct to xxlu ther th* x h.ixe i»r do not haxe the 
two access*)rx’ chr* mi* »s* nnes. 

7. It is a signifiCtinl ftict that appr*)\imatel\ half the resting 
spermatiils xxheii stronglx dei‘olori/e«l after irou-hieinatoxylin 
staining, shoxx txxo chromatin nucleoli and half do not. It 
seems probable that these nucleoli may correspond to the ac- 
cessorx chromosomes and are t*» be identified xxith the two 
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nucleoli of the primary spermatocyte and the two eccentric 
chromosomes seen in the spermatogonia. 

8 . It is probable that in man and certain other vertebrates, 
as in tlie insects, myriapods and arachnids, the accessory chro¬ 
mosomes are in some way associated with the determination 
of sex. 
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ExtM. W.MION OF Pl\TE I. 

All oi the flrawink:*. w-'tc ina !<• with the aid ot a camera lucida; llicir mavini- 
fication i-> a|>j*r<'ximat<*lv 1.5550 fliani«-i«T<. While the cliromosomcs arc repro- 
-enn-d as ac- uralrly a'. i>o -ihh*. n > attempt has bi-en made to show details ot the 
achromatic •tri-tiire^ heveinl general appt-araii.'es and relations. In several 
\\h**re tin- t hronn-^nnr*, wm* not in the **amc local plane they have been 
drawn caret ill\ in the mo'^t lasorablr plane and then torr«*cte*l as iniKh as possible 
from second in*‘r<* a « tit.iii* Irawine-* si -lU h infli\idiial t hroino-xoines as were not 
in tot iis in tin f i't diawin^ 

I-'i‘. I. L.ite proph.i t* *1 tiM rn*at«t::^ mal di\i-'h»n sht)win>! twenty-two t hro- 
nn -ton* s 1 he two cl k m« 111*0^ Uii'K l»j ‘mi* 1 h- tjt the main /om* oi chroino- 
*<-nit:«. are itro* iiiMblN the iw«) .e 

l lo .\ii.hij' cl piniar\ ijc-rmit' \tc 'Inwine spm-ine sta.ut with two 

c. lire iiiatin n«i« h 'll. 

I'is b \ii. Ic n. t.i priiiiar\ |«ri m u< -i n t# howin^ tin* contiat tion-j>hase 
ot il'e niiiN.ii mntrnt .0 • tw* I' I* in k. 

1 -n., 1 ale pi*>phi • c»t div**»'-n in a piiiMaiN ^pc-rin.u«H \ l*- sliowin^ iweht* 

hioiiio oiile 1 he tw I Kiiif l«» *»nt -1 ^ the iienn isroiip ar«- the act «‘'".oric s. 

Imc.. 5. I ale |iii pha I el *li\ 1*1*11 in 1 pmi'.irN spei nialoc. vie showing twelve 
• htoii t»««Mi*t Ibie tin I w o .ii t • «=>*i n- ai« i"*l n idiK i*l«-nliln-d 

l'i<.s o. 7, s. \Iti.ipl.t^« 1*1 cl\i 1 »n tn piini.irv »perm ii«h*\ tt > •howine 
the* tw ) attc’^uie ill tbii.ufi *1' jM* iii' ir pa' iiiv; rarlv I > the p«»lt ^ l-ivj, 7 
show .d *s.i tw » pie»iKioi»l\ div»‘icin>^ daiii;lii«'r i hroino^nur-. 

his to ( iiK- » n«i ct ^ latt aiiiph.it *1 .li\i'i»ii 111 apiimai\ speriiiatc k \ to 
showing lwtl\« t hr-*»ir«» •tin* '*0 | hi* j .»* ‘tv-. 

hit.. It. l*iol abh otic I i*.l .»! a Lit* an ipha t* -< di\ 1 ton in a piiin.iry sp.i- 
in.iitK.cie, showing i« n t hi ' *iilfw »«ni •. the a.' sm\ 1 lirtniiti-oiiies havinv; 'one 
to the «ippt>itt 1 • It ; p«-**il 1 \ I |»p pl‘«i*' • 1 d'\i>ioii in a sect>ntl*ir\' sp* rnialticyle 
in whith the tt n t. hniiinj»tm»c hiNe icmoici-''*! »ini\altni. 

hit. tJ. Iwti t t»iili>;iioHs '.trail.iiN 'pt 11 ial«« \ tt*.' .>t which tnie '.Ihjws live 
biN.ilent till oiiiosi mil s in latt prophase. iht tliti metre ih-in li\ e t hioineesoiiies 
prob.ibly li\i bicahnl pi i* lw»i at<t*si.r\' m ii»e laph.ise 1 In-se two cells are 
e\ieh*nlly llu pitMlint' ot a li\ 1 i*’ii*< .1 |irii*iaiv perinatot\le in wli'cli ten chro- 
me» omes pas'.* d to t lie jtr*.* aii'l It 11 pl'i» tht tw»» at ce Tories to the other. 

h'tc.. i b I wo ct>ntiv:iioiis vi'c ( t) I 11 \ -perinaltK \ les. < hie, hac iiii; jUst di\ itied, 
show.s lit t' t liroiiittsonies at one |M»le; the chroiiio-tnnes .it lh<‘ tither pole are so 
masseel as to iiredutle c'tiuntnn: althoiijih llu-ie shoiiltl be five. The other secon¬ 
dary si>ermattH \ le shows -even i hremitisonu-s in late propha.se. 

l‘'n.. 1 \ 1 ate .inaphase ot diM-'e*n in a sectindary s|)ermaiocyie which has 

leceiveti the two acces.sory tliroiiio-mu*s. -Imwinji seven chromosomes in all. 

h'lG. 15. .\naphase c^t division in a scotMnlary spermatocyte showiiiK still at 
lht‘ equator a laeeinv: chromatic mass which is probably the two accessory chro- 
inostnnt's although it could not be positively identified as such. 
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Fig. 16 . Late anaphase of division in a secondary spermatocyte which has 
received the two accessory chromosomes. Each of the latter divides as an inde¬ 
pendent chromosome at tliis time. 

Fig. 17. One end of a late anaphase of a division in a secondary spermatocyte 
which had not recci\ ed the accessory chromosomes. 

Fig. 18 . Two contiguous spermatids, one without chromatin nucleoli, the 
other witii two. The spermatids in general are about equally di\’ided into these 
two classes. 

Fig. 19 . Nucleus of a primary spermatocyte showing two chromatin nucleoli. 


